Grazing levels and rotational schemes need to be tailored to each individual farm or pasture, and more studies are needed on the resilience of rangelands and on separating the effects of grazing and climate. The direct short-term impact of three rates of stocking (4, 8 and 16 Small Stock Units-SSU/ha) was quantified in terms of composition and cover of arid Nama Karoo vegetation (subshrub/grass). Mature Merino wethers grazed in one hectare plots during May in 1995 and 1996 (the plots were not subjected to grazing at any other time). The basal cover of the Karoo bushes (shrubs) showed a decrease at the highest stocking rate only, with the species Phymaspermum parvifolium the most sensitive to intensive grazing. An increase in stocking rate caused a significant decrease in both canopy cover and canopy-spread cover. The canopy cover of palatable Karoo bushes such as Felicia muricata, Salsola calluna and Walafrida geniculata decreased most. Light stocking (4 SSU/ha) was apparently the least detrimental to the vegetation composition and cover. Regardless of stocking rate, an 11-month resting period was possibly sufficient for all the vegetation parameters concerned to be fully restored after grazing took place. The rangeland rapidly reacted to rainfall as the ephemeral cover increased temporarily. The higher the stocking rate was, the greater the increase in ephemerals occurring. The ecological sustainability of the Nama Karoo ecosystem, utilised by high stocking densities, is questioned.
Introduction
Concerns about the effects of agricultural management practices on the environment have initiated interest in sustainable animal production (Snyman, 1998; Broersma et al., 1999; Hoffman & Ashwell, 2001; Esler et al., 2006) . Drought and unreliable rainfall are often blamed for agricultural declines and failures, instead of ascribing it to societal factors (Hudak, 1999) . Since primary productivity is often masked by climatic fluctuations, changes in ecosystem functioning are often not detected. The slow nature of rangeland degradation makes the observation of vegetation changes difficult without prior monitoring (Van Rooyen, 1998) . As rangeland managers, policy makers and the public become increasingly concerned about the sustainability of rangeland resources, soil and vegetation responses to various grazing systems (Teague & Dowhower, 2003) need to be quantified to develop suitable grazing practices (Hoffman & Ashwell, 2001; Holm et al., 2004; Esler et al., 2006; Hoshino et al., 2009 ). There has been much debate on the effects of livestock grazing on plant communities (Esler et al., 2006; Kraaij & Milton, 2006; Anderson & Hoffman, 2007; Du Toit et al., 2008; 2009) . Vegetation composition, based on species frequency, is in general less stable at heavily grazed sites . There must definitely be a threshold of vegetation change beyond which recovery does not occur .
The Nama Karoo (subshrubs and grasses), where this study was conducted, is the arid south-western region of southern Africa, which is characterized by low shrubby vegetation on shallow soils. The biome occupies about 427 000 km 2 or 35% of the land area of South Africa and is geologically, climatically and floristically diverse (Cowling, 1986) . Ranchers, rangeland scientists and ecologists agree that, at a paddock scale, injudicious grazing management in the Karoo can alter vegetation composition (Milton, 1994; O'Connor & Roux, 1995; Esler et al., 2006; Kraaij & Milton, 2006) and soil processes (Roux & Opperman, 1986; Hoffman et al., 1999) . Sparrow et al. (2003) also argued that grazing leads to a net change of resources at a paddock scale and that water and nutrients remain coupled as they move through the landscape. Such changes can exacerbate forage shortages and stock poisoning during droughts (Shearing & Van Heerden, 1994; Esler et al., 2006) . Contrasts across fences support the notion that some livestock or game ranchers in the Karoo manage their rangelands sustainably, whereas others inadvertently damage their rangeland (Milton & Dean, 1996; Milton et al., 1998; Esler et al., 2006) . The understanding of vegetation dynamics in confined plant-herbivore systems is hampered by the difficulty in uncoupling biotic determinants of vegetation changes (Dean et al., 1995; Wiegand et al., 1998; Fynn & O'Connor, 2000; Kraaij & Milton, 2006) . Grazing levels and rotational schemes need to customize each individual farm or pasture and more studies are needed on separating the effects of grazing and climate. As drought is more of a reality than an exception in these drier areas (Snyman, 1998) , the short-term planning in rangeland management is essential for sustainable animal production and will pose an increasing challenge to rangeland users as the global climate is changing (Vetter, 2009 ). This study is therefore aimed at the quantification of the short-term direct impact of different sheep stocking rates on the vegetation dynamics of arid subshrub/grass vegetation.
Material and Methods
The research was conducted at the research station of the Grootfontein Agricultural Development Institute, 10 km north-east of Middelburg in the Eastern Cape Province (25 o 06' E; 31 o 40' S, altitude 1 400 m), which is part of the arid region of South Africa. Rain is received almost exclusively during SeptemberNovember and March-April, with a mean annual average of 366 mm. The study area is subjected to temperature extremes. Mean monthly maximum and minimum temperatures range from 38 °C in January to -12 °C in June, with a mean of 150 frost days per annum (Schulze, 1979) .
The study site is part of the Eastern Mixed Nama Karoo (Nama Karoo biome) (Hoffman, 1996) . A complex mix of grass-and subshrub-dominated vegetation types, which are subject to dynamic changes in species composition dependent on seasonal rainfall events, occurs within this vegetation type. Common shrubs or Karoo bushes include Pentzia incana, Eriocephalus ericoides and Hermannia spp., while grasses, such as Aristida spp., Eragrostis spp. and Themeda triandra may dominate the landscape after good summer rains. This vegetation type has the highest cover of herbs of all the Nama Karoo types, as well as numerous geophytes (Hoffman, 1996) .
Beaufort Group sandstones and shales dominate the landscape with the flat-topped landscape shaped by many dolerite dykes and sills (Hoffman, 1996) . Soils in the study area are mostly clay loam soils of the Valsrivier Form (Zuiderzee series) (Soil Classification Working Group, 1991) . The depth of the A horizon varies from 90 to 120 mm.
The research was carried out on eight paddocks of one ha each (108 x 92 m) with a western aspect and a 1% slope. The paddocks were divided into two blocks of four paddocks each, those within a block being adjacent to each other. The experimental layout is discussed in more detail by Du Toit et al. (2008; 2009) . The four treatments consisted of three different stocking rates, namely 4, 8 and 16 Small Stock Units (SSU)/ha, and a control. The stock was allowed to graze the plots for one whole month each year. Grazing was repeated at the same stocking rates in each paddock.
Mature Merino whethers were used as trial animals. The body mass of the individual animals, which were randomly allocated to the different paddocks, varied between 49.4 and 51.5 kg. The first grazing period was 1 -30 May 1995 and the second was 1 -30 May 1996, a period that marks the end of the seasonal growth of both grasses and Karoo bushes (herbaceous layer). These paddocks were rested the year prior to May 1995, for the whole summer. The objective of the study was not to look at weight changes and, therefore, the animals were not weighed at the end of each season or grazing period. Grazing was not allowed in the experimental paddocks during the season preceding the trial.
In evaluating the botanical composition and cover, the basal, canopy and canopy-spread strikes were noted at the start and end of the grazing periods, for each of the two study years. The surveys were done on the same lines each year. The descending-point method (Roux, 1963) was used where basal cover was noted when the point of the spike struck the rooted area of the plant and canopy cover when it struck any part of the plant. Canopy-spread cover was noted when the spike moved through the circumference of the plant without piercing any plant part. A basal strike was therefore automatically noted as a canopy strike and a canopy strike as a canopy-spread strike. These terms are fully defined by Trollope et al. (1990) and Du Toit (2001) . Five hundred points for each paddock were recorded where strikes or the nearest herbaceous plant, which include both annuals and perennials, were recorded for determining botanical composition and cover.
The experimental layout consisted of a split plot (before and after treatment) with four treatments (the three stocking rates and control) and two replications. The treatments and replications were randomly allocated. BMDP 2 V.9 (Dixon, 1985) , set up for analysis of split plots, was used. Composition and cover were analyzed using a one-way ANOVA (Menderhall & Sincich, 1996) . The data before and after grazing, as well as differences between the two, were also analysed separately. The Number Cruncher Statistical System software package was used for this analysis (Hintze, 1997) . The data for different years was analysed separately. Significant differences between treatments were determined using Tukey's test (Menderhall & Sincich, 1996) .
Results
The first grazing period (1 -30 May 1995) was marked by little rain in the preceding three months (24% less than the long-term mean) and no rain during that month. Though the growth activity of the vegetation was not very high, the plants were not totally dormant during this first grazing period. The second grazing period (1 -30 May 1996) was marked by high rainfall (36% above the long-term mean) in the preceding three months and light rain (15.4 mm) during the month. There was a high canopy-spread cover before the second grazing period, resulting in more feed available to the animals than was the case with the first grazing period (1995) .
The only significant decrease (F 3,4 = 18.14, P <0.01) in basal cover of the total herbaceous layer for the 1995 season, occurred at a stocking rate of 16 SSU/ha (Figure 1 ). For the 1996 season grazing decreased (P ≤0.01) the basal cover for the 4, 8 and 16 SSU/ha stocking rates. The greatest decrease in basal cover occurred at a stocking rate of 16 SSU/ha, when it decreased in 1995 and 1996 with 44% (F 3,4 = 14.14, P <0.01) and 39% (F 3,4 = 16.12, P <0.01), respectively, due to grazing. As expected, a slight increase in basal cover occurred with no grazing, viz. 11 and 3% for the 1995 and 1996 seasons, respectively. In contrast to the decrease in basal cover of the annual/poor perennial grasses (Aristida congesta, Chloris virgata, Schismus fasiculatus, Tragus koelerioides and T. racemosa), the basal cover of the bushes was least influenced by grazing. The basal cover of the Karoo bushes decreased only at the highest stocking rate. Ephemerals occurred only during the 1996 season before grazing.
During the 1995 season the basal cover of especially T. koelerioides, decreased the most, from 0.8 to 0.2% (P <0.01). due to grazing at a stocking rate of 16 SSU/ha, and from 1.0 to 0.6% for the 1996 season. The basal cover of the grasses decreased (P <0.01) for the 1995 and 1996 seasons at a stocking rate of 16 SSU/ha with an average of 1.4 to 0.8%. The basal cover of the Karoo bush, Phymaspermum parvifolium, decreased the most (P <0.01) at stocking rate increase.
Grazing decreased (P ≤0.01) both canopy cover and canopy-spread cover of the herbaceous layer for the 1995 season at a stocking rate of 4 SSU/ha, which was not the case in the 1996 season (Figure 1) . Again, the highest stocking rate (16 SSU/ha) decreased (P <0.01) the cover the most in both seasons: For example, grazing decreased the canopy cover and canopy-spread cover at the 16 SSU/ha stocking rate during the 1995 season with 53% (F 3,4 = 16.12, P <0.01) and 63% (F 3,4 = 17.15, P <0.01), respectively. The canopy cover and canopy-spread cover of the bushes were mostly decreased (P <0.01) by grazing compared to the control. As expected, the canopy and canopy-spread covers of both grasses and Karoo bushes remained reasonably constant (F 3,4 = 5.12, P >0.05) with a slight increase during the two seasons. Again, most of the ephemerals were observed just before the second grazing in the 1996 season.
The canopy cover of the grass, Eragrostis obtusa, decreased the most (F 1,6 = 16.96, P <0.01) at a stocking rate of 16 SSU/ha, from 6.2 to 3.6% during the 1996 season. The canopy cover of the palatable Karoo bush, Felicia muricata, decreased most (F 1,6 = 17.15, P <0.01) with grazing for this season, from an average of 10.0 to 5.6%; 6.3 to 3.0% and 11.6 to 2.4% for the 4, 8 and 16 SSU/ha stocking rates, respectively. Both the canopy and canopy-spread cover of another two palatable Karoo bushes, Salsola calluna and Walafrida geniculata, also decreased (F 1,6 = 7.14, P <0.05) with grazing, but to a lesser extent than Felicia muricata. Percentage basal cover (A), canopy cover (B) and canopy-spread cover (C) of the herbaceous species (grasses, Karoo bushes (shrubs) and ephemerals), for the different stocking rates, measured before and after grazing during the 1995 and 1996 seasons. Means ± SE (n = 4) with different superscripts differ significantly (P ≤0.01) within a stocking rate.
Within a grazing treatment, the cover (basal, canopy and canopy-spread) drastically increased from the 1995 to the 1996 season. This increase can largely be attributed to the above-average rainfall preceding the 1996 season, drastically stimulating the ephemerals. Twice the normal amount of rainfall occurred from September 1995 to January 1996. Unfortunately, the ephemerals are only temporary and dependent on climate. For example, the canopy-spread cover of the ephemerals only increased (before grazing of the 1995 season to before grazing in 1996), with an average of 0.6 to 1.4%; 0.6 to 2.2%; 0.8 to 3.0% and from 1.2 to 4.2% for the stocking rates of 1, 4, 8 and 16 SSU/ha, respectively. The total canopy and canopy-spread covers increased (before grazing of 1995 up to the grazing of the 1996 season), with an average of 43 to 53% and from 56 to 65%, respectively. Even more conspicuous was that, the higher the stocking rate, the greater the increase in cover from the 1995 to the 1996 seasons, with an increase which was even more than that of ungrazed rangeland. This was mainly caused by an increase in annual pioneer grasses such as Chloris virgata, Enneapogon desvauxii, Schismus fasiculatus, Tragus racemosa; perennial ephemerals such as Galenia sarcophylla, Geigeria filifolia, Hermannia cococarpa, H. pulverata, Indigofera alternans as well as annual ephemerals such as Arctotheca calendula, Chenopodium glaucum, Convolvulus arvensis, Erodium cicutarium and Tribulus terrestris, which were absent from the 1995 survey. The less palatable Karoo bushes, Talinum caffrum and Pterothrix spinescens, only occurred after the 11-month resting period.
Discussion
This study showed that an increase in stocking rate in the short term resulted in an almost linear decrease in canopy and canopy-spread cover. This agrees with the findings of a few other researchers who reported a decrease in cover due to high stocking rates in semi-arid rangelands (Roux, 1967; Friedel, 1991; O'Connor, 1995; Mworia et al., 1997; Ingram, 2003; Wood et al., 2008; Hoshino et al., 2009) , while others have found either a positive or inconclusive relationship (Belsky, 1992; O'Connor, 1994) . A further increase in stocking rate for the same grazing periods, as applied in this study, should lead to a still higher decrease in canopy and canopy-spread cover. The decrease in basal cover may possibly not always be significant, as basal cover is the most constant parameter of this vegetation. The higher the stocking rate, the higher the decrease in canopy and canopy-spread cover and the longer resting period is needed for rangeland to recover (Milton et al., 1998; Sparrow et al., 2003; Tongway et al., 2003; Kraaij & Milton, 2006) . According to Mworia et al. (1997) , the herbaceous biomass and cover in heavily grazed semi-arid rangeland did not recover after a two-year resting period. Various researchers found that too much severe defoliation with relatively short resting periods in between, are detrimental to vegetation cover and dry matter production (Du Preez, 1972; Hobson & Sykes, 1980; Van der Westhuizen, 1980) . In any grazing study, the dynamic nature of plant responses to grazing needs to be considered and in particular the process of compensatory growth, or regrowth of grazed foliage (McNaughton et al., 1996; Ingram, 2003) . Unfortunately, the recovery periods necessary for the different grazing treatments were not investigated in this study.
From this study it can generally be concluded that at a higher stocking density, a shorter grazing period rather than a lower density is important to limit the degree of defoliation. In resilient landscapes, grazing trials of even a 10-year duration may be too short to provide reliable estimates of sustainable rates of stocking (Holm et al., 2004) . Bisigato et al. (2008) highlighted the importance of including sites under a wide range of grazing pressure/disturbance in determining the relationships between grazing pressure and the conservation of soil resources. Heavy grazing can also result in the same floristic changes as those brought about by nitrogenous fertilizers (Van Rensburg, 1939) . This is because grazing led to the more rapid cycling of nitrogen which increased the proportion of plant-available forms (Roux, 1979) .
The considerably high palatability of the three Karoo bushes, namely Salsola calluna, Walafrida geniculata and Felicia muricata, and therefore their good utilization, can possibly be the main reason for this significantly lower canopy and canopy-spread cover after grazing. Holm et al. (2004) also concluded that both average primary productivity and the potential for secondary productivity were reduced with heavy grazing. The duration of the resting period for recovery of rangeland will be determined by the degree of defoliation, as well as the climatic condition during the resting period (Snyman, 1999) . In the case of this study an 11-month resting period under these specific climatic conditions is possibly sufficient for all the vegetation parameters concerned to be fully restored. In this case, the contributing factor, which must not be disregarded, was the good rainfall occurring during September 1995 to January 1996. The rainfall in these five months was more than twice that of the long-term average expected for these months. This favourable climatic condition caused the vegetation of the study area to have a considerably good cover after the resting period following the first grazing period. Unfortunately, to a large extent, temporary ephemerals reacted most favourably to the spring rainfall. The higher the stocking rate was, the greater was the increase in ephemerals occurring. Thurow et al. (1988) also reported that high stocking rates caused a greater dominance of seasonal short-grasses and forbs compared to low stocking rates on semi-arid rangeland. Marked changes in floristic composition can therefore take place in areas of lower rainfall in response to not only grazing pressure, but also variation in rainfall (O'Connor & Bredenkamp, 1997) . In some regions and climates, grazing effects remain difficult to identify due to the naturally spatial and temporal variation in resource availability and, consequently, plant growth and diversity (Ingram, 2003) . Quantifying plant responses to defoliation at either the plant or landscape level can lead to dramatically different interpretations (Ingram, 2003) .
Conclusions
There is a controversy among farmers and researchers on the advantages and disadvantages of high grazing pressure, as well as of its short and long-term impact on the sustainable functioning of the rangeland ecosystem. In this study, an increase in stocking rate taking place during the short-term lead to an almost linear decrease in canopy and canopy-spread cover. This study does not lend itself to concrete recommendations regarding stocking rate and grazing systems. Factors like the influence of the length of the grazing period on the parameters investigated in this study, the restoration time necessary after grazing took place and the effect on other soil forms, are questions which will first have to be answered in future. A very good cover, after only 11 months of rest, did occur and was also accompanied by above-average follow-up rainfall. Unfortunately mainly annual pioneer grasses and ephemerals appeared due to the favourable climatic conditions and rest. The study area is characterized by ephemerals which appear rapidly in favourable climatic conditions. The study, therefore, showed that the dynamics of arid rangelands depended mainly on two factors, viz. the level of grazing intensity and the variation in rainfall.
